Background: Unreliable compliance with infection prevention procedures necessitates an analysis of contributing factors.
Introduction
Hospitals represent a major source for the emergence, selection and spread of multidrug-resistant organisms. Low compliance with infection prevention and control practice is one reason that 5-10% of hospitalised patients acquire at least one healthcare-associated infection (HAI) (Department of Health and Human Services, 2012) . Day-to-day infection prevention and control tasks, such as hand hygiene, patient chlorhexidine bathing, environmental cleaning and care for invasive devices, may be compromised due to time constraints, urgency of care and unpredicted demands for health services. High labour intensive healthcare environments can create conditions where some 'low-priority' tasks, such as hand hygiene, may be traded for emergency care or for healthcare workers' (HCWs) workarounds.
Providing individuals with performance feedback is associated with the desirable behavioural changes, such as improved compliance with infection prevention guidelines (Eckmanns et al., 2006; Kohli et al., 2009) . Today electronic healthcare record systems (EHRs) generate a large amount of granular data convenient for automatic quality measurements. We hypothesise that a complementary analysis of electronic documentation could be beneficial for revealing hidden defects in healthcare processes.
One behaviour important for preventing the spread of resistant pathogens and developing device-associated infections is the use of patient bathing with chlorhexidine (CHG). CHG bathing has not been universally accepted as the best practice. However, several quasi-experimental studies in intensive care units (ICUs) demonstrated a significant reduction of the concentration of bacteria on the patient body surface after the use of CHG (Bleasdale et al., 2007; Climo et al., 2009 Climo et al., , 2013 Huang et al., 2013; Popovich et al., 2009; Vernon et al., 2006) . As a result, patients developed fewer bloodstream infections, surgical-site infections and urinary catheter-associated infections from all pathogens. Compliance with CHG bathing may be critical to overall efforts to reduce the incidence of HAIs in hospitals and long-term care facilities where many colonised asymptomatic patients remain undetected. One cluster-randomised clinical trial reported a wide variation in the compliance with CHG bathing in ICUs, in the range of 54-98% (Huang et al., 2013) . The compliance and potential issues with CHG bathing in non-ICU hospital settings are not reported.
Aim
The aim of this research is to explore the utility of nursing hygiene notes recorded in the EHR: do those notes provide insights on CHG bathing practices in a high risk for infections non-ICU hospital unit?
Method
This was an exploratory, retrospective qualitative study with the secondary use of EHR data. Ethical approval was granted by the university.
Study setting
We selected a 50-bed medical-surgical unit. The unit has a daily prevalence of patients colonised with antibioticresistant organisms in the range of 10-25%. The unit patient population consisted of solid organ transplant patients (45%), cancer patients (20%), non-surgical patients (20%), and general surgery patients (15%). Unit compliance with CHG bathing, reported by the hospital, was approximately 30% during 2012-2013. The hospital implemented a policy requiring daily patient hygiene using CHG. This policy recommends using a 2% chlorhexidine gluconate solution on the patient's body with a washcloth. The hospital policymakers set a goal for each hospital unit to bathe at least 60% of the patients daily. This threshold was determined by the hospital daily admission and discharge rates that permitted approximately 40% patient-days to be free of bathing. The procedure was overseen by nurses and delivered by care technicians. The unit nurses and nursing assistants recorded CHG bathing in the EHR's standardised template. The template lists the following selections: full bath; partial bath; showered; peri-wash; pre-procedure scrub; Chlorhexidine used; Chlorhexidine not used; and patient refused. During the study, the staff did not use specific tools in the EHR for tracking patient hygiene outcomes. The infectious diseases department measured compliance to hospital policy with the number of bottles utilised during the month divided by the unit patient-days (census). Monthly reports were provided to the units.
Analysis
The objectives of this analysis were to measure both a CHG bathing documentation rate and a CHG compliance rate and to identify hidden defects and barriers for the CHG bathing by analysing the EHR notes' time stamps, authorship and content. First, we explored: (1) the CHG bathing documentation rate defined as a number of the EHR hygiene notes per 100-unit patient-days; and (2) the unit CHG bathing compliance rate defined as a number of notes that indicated the CHG bath delivery per 100-unit patient-days. Then we examined a distribution of the CHG baths in the four length of stay (LOS) groups: LOS group 1 (1-5 days); LOS group 2 (6-10 days); LOS group 3 (11-20 days); and LOS group 4 (21+ days). Finally, we applied word counting for analysis of the note content to reveal some potential hidden issues.
We extracted and analysed 3236 CHG hygiene notes documented by 256 HCWs for a total of 678 patients with complete LOS from October 2012 to July 2013.
Data sources
We created a one-time electronic report abstracting patient medical record number; dates of admission and discharge; plus timestamp, authorship and content of each bathing note. All patient personal data were de-identified and replaced with an anonymised number. The two outcomes of interest included: 'success' indicating a receipt of a CHG bath versus 'no success' denoting a failure to administer a CHG bath. 'Success' was detected when the note included 'Chlorhexidine used'. 'No success' was detected when the note indicated 'Chlorhexidine not used'.
Results
The hygiene documentation rate and the chlorhexidinebathing rate were 32.81% and 22.99%, respectively, in 678 patients (Table 1) . Among these patients, 301 patients (mean LOS, 3.24±3.56) did not have a single hygiene note (0% compliance with the CHG bathing) documented in the EHR ( Table 2) . The remaining 377 patients (mean LOS, 7.54±15.53) had at least one nursing hygiene note indicating 70.05% compliance with CHG bathing. In this group, 23 patients (mean LOS, 2.39±1.34) had notes indicating no baths delivery ('no success' group) and 354 patients (mean LOS, 7.83±15.91) had notes indicating the administration of at least one bath ('success' group) ( Table 2) . The CHG compliance rates in these two groups were 0% and 71.27%, respectively. After categorising the 'success' group of patients into the four LOS groups, the CHG compliance in LOS group 1 (n = 231 patients) was 70.99%, LOS group 2 (n = 89 patients) was 77.44%, LOS group 3 (n = 41 patients) was 74.29% and LOS group 4 (n = 21 patients) was 65.69% ( Table 2 ). The mean LOS in these groups was 3.23±1.19 days, 7.37±1.22 days, 14.43±2.79 days and 52.71±49.96 days, respectively.
Furthermore, we identified the ten HCWs (3.24%) who produced 1455 documents (45.11%). The remaining -246 (96.10%) of authors-collectively recorded 1770 notes (54.89%) (Table 3) . A total of 816 notes (56.08%) produced by the ten HCWs indicated 'no success'. The documentation of the remaining authors showed only 31.19% (n = 554) of 'no success', which was significantly lower in comparison with the first group (P value <0.001).
The individual patient's CHG bathing rate was in the range of 0-100% (Figure 1) . The note's content analysis showed that among 1368 notes with 'no success', 902 records (66%) indicated 'patient refusal' to bathe. A qualitative analysis showed the following reasons for refusal: nine (1%) due to imminent discharge, 334 (37%) due to the inconvenient timing of the bath offer, 12 (1%) due to health issues (tired, in pain, want to sleep) and 550 (61%) due to unknown reasons. Patient refusals were classified using word counting. The comments were entered with a refusal or 'no success'. Of 1368 records, there were 597 unique comment 'values', while 491 records did not include refusal reasons. To profile this information, we employed a basic word counting algorithm to define major categories used in 'no success' comments. Comments were formatted to all lower case with punctuation removed. The algorithm examined each comment for a comment based on observed keywords.
In 80 occurrences, 28 patients had a first refusal event that was followed up. In total, 41 of the refusals (51.80%) were followed up with 'success' in the first or second follow-up. Therefore, 41 of the patients (51.8%) later received a bath on the same day of 'no success', whereas 39 of the patients (48.2%) did not eventually receive a bath. For those patients who continued to refuse bathing, five were followed up a third time, and one patient had a fourth follow-up. 
Discussion
A lack of information about potential issues related to delivery of a preventive intervention keeps decision-makers unaware of the needed changes. The EHR structured and unstructured data can unlock opportunities for identifying hidden defects in care delivery. Hospitals may benefit from a systematic analysis of EHR documentation in order to better understand the causes of non-compliance with CHG bathing. Our study had several important findings. The nurses and nursing assistants who worked in the 50-bed non-ICU hospital unit recorded nearly 4000 notes on CHG bathing in the EHR during a nine-month period. In other words, they recorded approximately 15 notes a day. Overall compliance with CHG bathing, derived from the EHR data, was 23%. Approximately 44% of the patients did not have a single nursing hygiene note documented in the EHR. On average, these patients spent three days in hospital. More than 50% of the patients had at least one nursing hygiene note documented and, on average, these patients stayed seven days in the hospital.
A patient's LOS has some effects on the CHG compliance. Our study shows first, the lowest CHG compliance was observed in patients with LOS less than six days. Half of these patients lacked nursing documentation. A group of patients with LOS in the range of 6-10 days had the highest CHG compliance (77.44%). A group of patients with LOS greater than 10 days showed a gradual decrease in CHG compliance (65%). This finding leads to a conclusion that infection prevention may be altered in patients with prolonged LOS. It may be important to further explore the role of prolonged LOS as a non-compliance risk factor. More importantly, a better understanding of the relationship between LOS and compliance with infection prevention may help develop targeted approaches for patients with different LOSs. Many studies have demonstrated that prolonged LOS is associated with high risk of HAIs (Cosgrove et al., 2005; Fagon et al., 1993; Pittet et al., 1994; Wilcox et al., 1996) .
One potential explanation of CHG non-compliance in patients with extended LOS could be the development of CHG-related side effects. It is known that prolonged use of CHG causes skin reactions (Kampf and Kramer, 2004) . Therefore, it would be beneficial to systematically measure the infection prevention side effects, in addition to quality measures and process defects. Furthermore, we also explored some characteristics of the participating workforce. Nurses and nursing assistants play a critical role in the spread of infection. This is due to their repeated close contacts with patients (Machens et al., 2013; Vanhems et al., 2013) . Our findings show that bathing documentation was recorded by a large number of temporary workers. Those temporary workers comprised nursing students and irregular personnel, including floating nurses and care technicians. This group documented, on average, one hygiene note during the study period. Collectively, they produced more than 50% of the all bathing notes. At the same time, we identified a small group of ten nurses and nursing assistants who recorded the rest of the hygiene notes. These ten HCWs had a significantly higher rate of failure to execute this preventive procedure when compared with the documentation of the irregular HCWs. Several studies showed that 'temporary nursing staff and reduced number of full FTE' are significantly associated with less than the recommended standard of infection control (Ferguson, 2009; Fukuda et al., 2009; Griffiths et al., 2009; Weinstein et al., 2008) . In contrast, our findings demonstrated that the performance was lower among the regular staff. Thus, prioritising this group for interventions may be beneficial for improving the overall compliance with infection prevention.
In addition, we explored the role of patients and identified that half of the notes communicated a failure to administer CHG bathing due to patient refusal. In most cases, the reason of refusal was not documented, but some notes indicated an inconvenient time of the bath offer and patients' health issues as contributing factors. Some patients systematically refused to bathe and that led to workarounds by HCWs.
We categorised the observed findings into the three major defects: (1) a lack of the documentation about the intervention; (2) a high varaibility of the CHG bathing in individual patients; and (3) the workarounds due to patient refusal to bathe. These defects need to be recognised in real time in order to improve both the efficiency and the quality of healthcare.
The EHR data used in this study are rich in information and ideal for the type of analysis performed -identifying trends and patterns in patient bathing with CHG. The results can directly inform policy and procedural decisions in future work, particularly where quality standards are not met or are mediocre. Additionally, these data are readily available and this analysis can be performed whenever questions about infection prevention practice arise.
Yet, there is a drawback related to data quality. For example, the procedure could be done but not documented. Also, time stamps may be artificial since a procedure could be done earlier or later than actually documented. The findings also point out that some CHG bathing practices can be altered by both LOS and patient attitudes.
In summary, the effectiveness of daily CHG bathing in non-ICU hospital settings may be compromised due to low compliance. The EHR time-stamped structured template for CHG bathing permits the identification of some hidden risk factors for compliance with CHG bathing. These may include a measurement of cumulative CHG bathing rate in individual patients, causes and frequency of patient refusals, individual HCW's performance and adverse events associated with the use of CHG.
